The main objective of this study was to assess the current pollution status of environmentally concerned heavy metals in the surface soil within the vicinity of the Katima Mulilo urban open land wastewater disposal centre. Multiple top soil samples (at 0-10 cm depth) were collected at four different points fortnightly over five sampling days from June to July 2018. The samples collected at each point were pooled together, homogenized and 12 sub-samples (<2 mm soil fraction) were obtained for laboratory digestion according to EPA method 3050B. Then, the digestates were analyzed for the heavy metals' concentrations using ICP-OES (Perkin Elmer Optima 7000 DV). The results revealed consistent pattern with Fe recording the highest mean concentration (mg/kg) at each sampling point while Cd recorded the lowest mean concentration. Result of analysis of variance of the metals' mean concentrations differed statistically (p < 0.05). The sites contamination revealed that the Point source > A200m > B400m > Control site, but the potential ecological risk indices revealed environmental low-risk levels (Er <40). Apart from Arsenic which showed moderate contamination at the point source, the geo-accumulation indices of the heavy metals mainly revealed uncontaminated to Abah James ABOUT THE AUTHOR James Abah is a core analytical chemist and holds a Bachelor
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PUBLIC INTEREST STATEMENT
Owing to the capabilities of several heavy metals to cause both acute and chronic toxicities, their presence at any level in the human ecosystem constitutes safety concern. This study reported the current pollution status of environmentally concerned heavy metals in the surface soils within the vicinity of the Katima Mulilo urban open land wastewater disposal centre. Katima Mulilo urban has recently witnessed exponential infrastructural development leading to increasing presence of human activities in the vicinity of the urban wastewater disposal centre. This is creating increasing safety concern, especially for the vulnerable children. Despite this obvious concern, no study has documented the heavy metals pollution status of the immediate environment of the wastewater disposal centre. Thus, considering Namibia's special interest in both environmental and human health, this is an important baseline study which provides reference data for future monitoring of heavy metals pollution of the study area and advising precautionary mitigation measures. moderately contaminated levels (0 < Igeo < 1). Generally, the mean concentrations of the heavy metals were lower than the WHO's maximum permissible limits for the protection of human and ecosystem's health. However, due to their environmental persistence, non-degradable and bio-accumulative characteristics, heavy metals are potential toxins. Therefore, we recommend periodic monitoring of the metals levels and advising precautionary measures to minimize unintended human exposures to excessive metal contents.
As noted by Li et al. (2013) , soils serve as the most important sink for heavy metal pollutants in the terrestrial ecosystems. High concentrations of heavy metals in surface soil can threaten human health via inhalation, ingestion and dermal contact absorption (Sun, Zhou, Xie, & Liu, 2010; Xie et al., 2011) . Most metals do not undergo microbial or chemical degradation (Kirpichtchikova et al., 2006) , and their total concentration in soils persists for a long time after their introduction (Adriano, 2003) . According to Mapanda, Mangwayana, Nyamangara, and Giller (2005) , heavy metals can continue to contaminate the surrounding environment for hundreds or thousands of years, even after they are no longer being added to the soil. This kind of pollution not only degrades the quality of the food crops, atmosphere, and water, but also threatens the health of human and animals (Dong et al., 2011) . Heavy metals can be harmful to the biota and human beings when present above certain tolerable levels in the ecosystem (Anietie & Labunmi, 2015) .
Several research reports have shown that human activities are a major cause of heavy metals contamination in the ecosystem (Kasassi et al., 2008) . Metal-bearing solids at contaminated sites could originate from a wide variety of anthropogenic sources such as metal mine tailings, disposal of high metal wastes in improperly protected landfills, leaded gasoline and lead-based paints, land application of fertilizer, animal manures, bio-solids (sewage sludge), compost, pesticides, coal combustion residues, petrochemicals, and atmospheric deposition (Basta, Ryan, & Chaney, 2005; Khan, Cao, Zheng, Huang, & Zhu, 2008; Zhang, Liu, & Wang, 2010) .
Although heavy metals contamination does not explicitly damage the environment within a short period, however, when it exceeds the environmental tolerance, or when environmental conditions changed, it may be activated and cause serious ecological damage (Su, Jiang, & Zhang, 2014) . Unlike other pollutants such as petroleum, hydrocarbons, and litters that visibly accumulate on soils, heavy metals can go unnoticed while accumulating at concentrations that are toxic to plants and animals (Taghipour, Mosaferi, Armanfar, & Gaemmagami, 2013) . Each heavy metal shows specific signs of its toxicity; for instance, Pb, As, Hg, Zn, Cu, and Al poisoning have been implicated with gastrointestinal disorders, diarrhoea, stomatitis, tremor, hemoglobinuria, ataxia, paralysis, vomiting and convulsion, depression, and pneumonia (Taghipour et al., 2013) . Some effects of heavy metals can be toxic (acute, chronic or sub-chronic), neurotoxic, or even carcinogenic, mutagenic or teratogenic (European Union, 2002; Singh et al. 2010) . For example, excessive intake of Pb into human body can damage the nervous, skeletal, endocrine, enzymatic, circulatory, and immune system (Lin et al., 2016) . The chronic effects of Cd consist of lung cancer, pulmonary adenocarcinomas, prostatic proliferative lesions, kidney dysfunction, bone fractures, and hypertension (Brevik et al., 2015) .
In recent years, Katima Mulilo urban has witnessed tremendous expansion of human, infrastructural and economic activities with the resultant increase in wastewater generation. Unfortunately, the town has no capacity and facilities for wastewater treatment and segregation before disposal and thus, all wastewaters collected from the residential areas, schools, hospitals, hotels, industries, abattoir, urban storm runoff, office and business establishments in the area are deposited into one central open land system. These may have unintended effects on both the types and contents of heavy metals in the immediate vicinity. More also in recent years, the infrastructural development of Katima Mulilo urban has led to the increasing presence of different human activities in the vicinity of the wastewater disposal centre. Despite this, no documented study has been done to establish the heavy metals pollution status of the immediate environment of the open land wastewater disposal centre. Thus, this study has the main objective of assessing the current pollution status of environmentally concerned heavy metals in the surface soils within the vicinity of the Katima Mulilo urban open land wastewater disposal centre and compare the values with health regulatory guideline limits. This is a baseline study which provided important reference data for future monitoring of the impact of the open land wastewater disposal centre on the heavy metals content of the immediate surrounding environment and hence, useful in advising precautionary measures that could limit unintended exposure of the human populace to metal pollutants in the area.
Materials and methods

Study area
The area of the study is the Katima Mulilo urban open land wastewater disposal centre and the immediate vicinity. Katima Mulilo urban is located on latitude 17°50ʹS and longitude 24°25ʹE based on Google data of geographical coordinates (WGS84) reference system. The open land wastewater disposal centre is the central collection point for all the wastewaters generated from residential, office, institution and business establishments in the Katima Mulilo urban. Based on the information available in the 2011 Population and Housing Census Regional Profile of Zambezi Region, Katima Mulilo urban has an estimated population of 28,362 inhabitants, an annual growth rate of 1.3% and a population density of 6.2 persons per sq. km. The recent expansions of residential, office, institutions and business establishments in the Katima Mulilo urban have overstretched the capacity of the open land wastewater disposal centre. This is more worrisome owing to the fact there are now increasing presence of informal settlements and cottage industries within the periphery of the wastewater disposal centre and the town has no facilities for wastewater;/ treatment and segregation before disposal. Thus, the immediate environment might be affected by trans-boundary pollution owing to emission of several chemical pollutants such as heavy metals from the wastewater disposal centre. Figure 1 shows the map of the study area showing the sampling points.
Sample collection and pre-treatment
Top soil samples (at depth of 0-10 cm) were collected on five different days with each sampling day occurring every fortnight from June to July 2018. On each sampling day, three soil samples each were randomly collected at four different points: Point source (Katima Mulilo urban open land wastewater disposal centre), A200m away from point source, B400m away from point source and control site. The chosen control site was a remote environment located 7.5 km north of the wastewater disposal centre. All samples were collected during the still morning weather (between 6:00 − 8:00) and packed in pre-labelled polyethylene bags (Abah, Mashebe, Onjefu & Malu, 2015) .
The total samples collected at each sampling point were pooled together and mixed thoroughly to ensure homogeneity. Then, three representative samples were taken and filtered through < 2 mm stainless steel sieve (Abah et al., 2015) . Thus, for the four different samplings points, 12 sub-samples were obtained and conveyed to Analytical Laboratory Services, Windhoek Namibia for further processing and analyses for the levels of heavy metals. All materials used for holding samples, homogenization and sieving were pre-cleaned to minimize the potential of cross-contamination (Abah et al., 2015) .
Samples digestion and analysis
The soil samples were digested according to EPA method 3050B for Inductively Coupled Plasma-Optical Emission Spectrophotometer (ICP-OES) analysis (Abah, Mashebe, & Onjefu, 2014) . A known amount (1.00g) of each sieved soil was transferred into a digestion vessel and 10 mL of 1:1 nitric acid (HNO 3 ) was added, mixed thoroughly and covered with a watch glass (EPA, 1996) . Then, the samples were heated to 90°C and refluxed at this temperature for 10 minutes after which they were allowed to cool for 5 minutes under room temperature. Thereafter, 5 mL of concentrated HNO 3 was added to each, covered and refluxed again at 90°C for 30 minutes (EPA, 1996) . Then, the solutions were allowed to evaporate without boiling to approximately 5 mL each and cooled again for 5 minutes. This was followed by the addition of 2 mL of deionised water plus 3 mL of 30% hydrogen peroxide (H 2 O 2 ) to each. The vessels were covered with watch glasses and heated just enough to warm the solutions for the peroxide reaction to start (EPA, 1996) . This was continued until effervescence subsided and the solutions were cooled. The acid-peroxide digestates were covered with watch glasses and heated until the volume reduced to approximately 5 mL again. Then, 10 mL of concentrated hydrochloric acid (HCl) was added to each, covered and heated on a heating mantle, then refluxed at 90°C for 15 minutes. After cooling, each digestate was filtered through Whatman No. 41 filter paper into a 100 mL volumetric flask and the volume made up to the mark with deionised water (EPA, 1996) . Source: Field GPS data of the present study Ten (10) mL of each digestate was taken and mixed with equal volume of matrix modifier (EPA, 1996) . Then, they were analyzed using ICP-OES (ICP: Perkin Elmer Optima 7000 DV) for the levels of lead (Pb), cadmium (Cd), chromium (Cr), arsenic (As), cobalt (Co), nickel (Ni), vanadium (V), copper (Cu), zinc (Zn), Iron (Fe) and manganese (Mn).
Data analysis
Descriptive statistics was used to analyze the mean of the data obtained from five replicate analyses of the samples. Furthermore, inter-elemental correlation analysis was performed to determine the degree of association between the heavy metals in the soil samples from the four sampling points: Point source (wastewater disposal centre), Point A (200 m), Point B (400 m) and the control site.
Assessment of site contamination
The heavy metals concentrations recorded in the soil samples were first, compared with their corresponding Maximum Permissible Concentrations (MPC) which are widely used as regulatory guideline limits based on which informed decision about the site's quality was made. The MPC is the concentration of a substance in air, water, soil or sediment that should protect all species in ecosystems from adverse effects of that substance (Janssen, Traas, Rila, & van Vlaardingen, 2004) .
Further assessment of the site's contamination was done using the contamination factor (Cf), which expresses the single element pollution index in order to determine the individual contribution of the heavy metals to the site's pollution (Abah et al., 2015) , degree of contamination (C d ), aimed at providing a measure of the degree of overall contamination in the surface soil layers at a particular sampling site (Rahman et al., 2012) , ecological risk factor [Er] (Hakanson, 1980) , used here to provide an indicator of each element's ecological risk index, and potential ecological risk factors (Perf), which give insight into the heavy metals toxicity and environment response (Hakanson, 1980) . The potential ecological risk factor does not only consider the heavy metal level in the soil, but also associate ecological and environmental effects with toxicology, and evaluates pollution using comparable and equivalent property index grading method (Qui, 2010) . Also used in the site contamination assessment is the index of geo-accumulation. Each of these assessment criteria was calculated using the following equations:
PErf ¼ ∑ Er
where Cn in Equations (1) and (5) refers to the concentration of a particular metal element in the surface soil, PMC in equation 1 is the soil permissible maximum concentration of a particular metal element, Tr in Equation (3) refers to the toxic response factor of the heavy metal (Hakanson, 1980) , Bn in Equation (5) is the geochemical background value, and 1.5 is a constant which allows us to analyze the natural fluctuations in the content of each metal in the surface soil and to detect very small anthropogenic influence (Barbieri, 2016) .
Results and discussion
Mean concentrations of the heavy metals in the surface soil
The results in Figure 2 present the mean concentrations of lead (Pb), cadmium (Cd), chromium (Cr), arsenic (As), cobalt (Co), nickel (Ni), vanadium (V), copper (Cu), zinc (Zn), Iron (Fe) and manganese At the sampling point located 400 m away from the open land wastewater disposal centre, the results showed similar pattern to the ones earlier reported. Fe still recorded the highest mean concentration of 1715.00 mg/kg while Cd recorded the lowest mean concentration of 0.24 mg/kg.
The other results obtained within this sampling point showed that Cr recorded 2.18 mg/kg, As recorded 2.24 mg/kg, Co recorded 0.82 mg/kg, Ni and Cu recorded 0.80 mg/kg each, while V, Zn and Mn recorded 3.68 mg/kg, 2.24 mg/kg, and 36.60 mg/kg, respectively.
At the control site sampling point located 7.5 km north of the open land wastewater disposal centre, Pb and Cd were not detected in the surface soil samples collected. However, Fe still recorded the highest mean concentration of 1160.00 mg/kg while Ni (0.50 mg/kg) was the lowest mean concentration recorded. The other results obtained at this sampling point showed that Cr recorded 2.04 mg/kg, As recorded 2.00 mg/kg, Co recorded 0.52 mg/kg, Ni and Cu recorded 0.80 mg/kg each, while Cu, Zn and Mn recorded 0.78 mg/kg, 1.04 mg/kg, and 17.40 mg/kg, respectively. Generally, the concentrations of the heavy metals recorded across the sampling sites were lower than their corresponding WHO's recommended maximum permissible concentrations in soil (Table 1) . However, as reported by Abah, Mashebe, and Onjefu (2017) , the presence of heavy metals in soils, especially where humans and livestock traverse intensively constitutes health concern due to frequent exposure to the contaminant-bearing dusts emanating from the soil. Heavy metal contamination of soil may pose risks and hazards to humans and the ecosystem through: direct ingestion or contact with contaminated soil, the food chain (soil-plant-human or soil-plant-animal-human), drinking of contaminated ground water, reduction in food quality (safety and marketability), reduction in land usability for agricultural production causing food insecurity, and land tenure problems (Ling, Shen, Gao, Gu, & Yang, 2007; McLaughlin, Hamon, McLaren, Speir, & Rogers, 2000) . Pollutants entering soil interact with its active phase (clay minerals, oxides and hydroxides of iron and manganese, and organic substance) and change their own activity either increasing or decreasing their hazard (Vodyanitskii, 2016) . The build-up of hazardous chemical pollutant such as heavy metals constitutes a major safety concern due to metal's known non-degradable characteristics.
The result of analysis of variance (ANOVA) between the mean heavy metals concentrations in the surface soil at the different sampling sites ( Table 2) was statistically significant (P < 0.05). This result might be due to varying degrees of metal inputs from anthropogenically derived sources across the sampling points (Abah et al., 2017) . However, as identified by Long et al. (2002) , irrespective of the origin of heavy metals in soils, excessive levels of many metals can result in soil quality degradation as well as posing significant hazards to plants, humans, animals, and ecosystem's health. Over the last three decades, there has been increasing global concern over the public health impacts attributed to environmental pollution (Kimani, 2007) . Environmental pollution is the contamination of the physical, chemical and biological components of the earth system to such an extent that normal environmental processes are adversely affected (Musoke, Ndejjo, Atusingwize, & Halage, 2016) . Apart from directly affecting human's health, especially among children who are the most vulnerable group, heavy metals in urban soils also affect environmental qualities and damage human health indirectly through polluting the food, water and atmosphere (Chao, LiQin, & WenJun, 2014) . This is even as research report has indicated that environmental pollution data tend to vary extensively and to be subjected to various types of uncertainties due to several factors such as distance from pollution sources and pathways, natural background variation, and pollution build-up or accumulation over time (Rashad & Shalaby, 2007) . According to the World Health Organization's report, about a quarter of the diseases facing mankind today occur due to prolonged exposure to environmental pollution (Kimani, 2007) . Of particular concern, heavy metals toxicity in the human ecosystem has been identified as a clinically significant condition (Ferner, 2001) , and if unrecognized or inappropriately treated, the toxicity can result in significant illness and reduced quality of life (Amirah, Afiza, Faizal, Nurliyana, & Laili, 2013) . Thus, for the protection of human and ecosystem's health from unintended exposure to heavy metal pollution, it is important to evaluate and document the presence and sources of heavy metals in every environmental component that affects human health (Abah et al., 2017) . Figure 3 shows the contamination factors of the heavy metals determined in the surface soil samples. The trend of the results revealed that As> Cd > Co > Cr >Mn> Ni > Cu > Zn >Pb. Higher contamination indices were recorded for As (0.20 to 0.36) and Cd (0.08 to 0.16) in the surface soil (0-10 cm depth). This finding suggests that the surface soil zone could accumulate the metals to levels high enough to threaten the ecosystem's health after prolonged period. Because heavy metal contamination is colourless and odourless, it cannot be noticed easily (Chao et al., 2014) . Moreover, it does not explicitly damage the environment in a short period but when it exceeds the environmental tolerance, heavy metals in the soil may be activated and cause serious ecological damage (Chao et al., 2014) . This is the more reason why Wood (1974) ,described heavy metal contamination as chemical Time Bombs (CTBs). Moreover, soils have been identified as the major sink for heavy metals released into the environment by anthropogenic activities (Wuana & Okieimen, 2011). Unlike organic contaminants which are oxidized to carbon (IV) oxide by microbial action, most metals do not undergo microbial or chemical degradation (Kirpichtchikova et al., 2006) and hence, accumulate in the environment (Abah et al., 2017) .
Contamination factors of the heavy metals in the surface soil
The degree of heavy metals contamination of the sampling sites ( Figure 4 ) revealed that the Point source > A 200 m > B 400 m > Control site. This trend is not surprising because the Point source is the Katima Mulilo urban open land wastewaters collection centre where diverse wastewaters generated from residential, business, school, office and industrial set ups are discharged directly without pre-treatment/segregation. Thus, the heavy metal residues discharged in such wastewaters will accumulate more at the point source.
In a review study on heavy metals contamination in the soil worldwide, Chao et al. (2014) noted that with the development of the global economy, both type and content of heavy metals in the soil due to anthropogenic activities have gradually increased in recent years, which have resulted in serious environment deterioration. In addition, changes in demographics, water use patterns, economic status, public health issues and product diversity increase the range and concentration of novel and critical compounds in wastewater (Tjadraatmadja & Diaper, 2006) , and this could impact meaningfully on the quality of receiving soil and its environs especially in the case of Katima Mulilo urban open land sewage collection centre. As noted by Tjadraatmadja and Diaper (2006) , the major input streams that characterise wastewater flows and quality include domestic wastewater from residential areas, small business and commercial dischargers such as health clinics, food establishments and other enterprises, trade waste which includes small, medium and large industries as well as infiltration and inflow which include contribution of groundwater infiltration and storm water inflow into the wastewater discharge system during dry and rainwater events. All these rightly constitute the major sources of wastewater generation in the study area. Even the study on the effect of polluted water on soil and plant contamination by heavy metals in El-Mahla El-Kobra, Egypt the authors reported that discharged water contains high levels of contaminants considered hazardous to the ecosystem (Mahmoud & Ghoneim, 2016) . Thus, efforts such as frequent monitoring of the levels and sources of the heavy metals' influx into the environment have become necessary preconditions for the protection of human and ecosystem's health in the study area.
Ecological risk factors of the heavy metals
The results of ecological risk indices of the heavy metals ( Figure 5 ) showed consistent trend across the sampling points. The results obtained showed the following order of the metals' ecological risk indices: Cd >As > Co > Ni > Cu >Pb> Cr >Mn> Zn. However, there is a general decrease in the value of a particular metal's ecological risk index from the point source (Katima Mulilo urban open land wastewater collection centre) outward. For example, among Cd and As which present the highest ecological risk factor, their indices from the point source (PS), outward were Cd (4.8 at PS, 3.0 at point A 200 m away and 2.4 at point B 400 m away from PS), and As (3.6 at PS, 2.42 at point A 200 m away and 2.24 at point B 400 m away from PS). Based on the standard criteria for interpreting ecological risk factors (Table 1) , the present results generally suggest low ecological (Hakanson, 1980) of the heavy metals across the sampling sites. The potential ecological risk indices (PEri) of the heavy metals across the sampling sites ( Figure 3) revealed similar pattern to the site's contamination factor with the Point source > A 200 m > B 400 m > Control site. At the Point source, the risk index was 9.047 while at the sampling point A (200 m away from the point source), point B (400 m away from the point source) and control site (7.5 km away from the point source), risk indices of 5.862, 4.984 and 2.217 were recorded, respectively. These results also differed significantly (t-test paired mean: P < 0.05) between the sampling points. Based on the criteria for interpreting PEri of heavy metals in soils (Table 2) , all the present risk indices represent low level [PEri <150] (Hakanson, 1980) . However, this finding does not preclude concern for the accumulation of the heavy metals in the soil since by their nature, metals are non-degradable and hence, environmentally persistent (Abah et al., 2017) . In a study on the contamination and ecological risk assessment of heavy metals in surface soils of Esfarayen City Iran, Mohseni-Bandpei, Ashrafi, Kamani, and Paseban (2016) held that contamination of urban surface soils with heavy metals is one of the worrying problems owing to their extensive causes, resistant to biodegradation, toxic and accumulative properties. Moreover, the presence of heavy metals in human environment has been associated with different adverse health effects in humans (Tchounwou, Yedjou, Patlolla, & Sutton, 2012) . Even at low levels, some heavy metals such as cadmium and lead are dangerous to human health (Naghipour, Amouei, & Nazmara, 2014) . For example, cadmium accumulation in human body causes malfunction of kidney, cancer and lead in body causes neurological disorders, anaemia and renal damage; and frequent presence of heavy metals in soil is reported as an indicator of the quality of the urban environment (Kamani, Hoseini, Safari, Jaafari, & Mahvi, 2014) . Thus, the accumulative tendency and chronic effect of the heavy metals constitute environmental safety concern in the study area. Mn (−5.83) while at the control site the Igeo indices were Pb (−0.00), Cd (−0.00), Cr (−4.19), As (−2.78), Co (−4.00), Ni (−5.32), V (−1.97), Cu (−4.46), Zn (−4.92), Fe (−11.00) and Mn (−6.60). These values also fall within the uncontaminated to moderately contaminated classification. The Igeo of metals is one of the indices which identify numerically, the pollution level of soils because it represents the real bioavailable fraction (Barbieri, 2016) . According to this author, the bio-available metal content in soil exerts a decisive impact on soil quality (Barbieri, 2016) . Thus, due to the expansion of human activities which are now encroaching into the vicinity of the open land sewage collection centre, the accumulation of these toxic metals in the surface soil post environment risk to the people operating within the sampling points due to possibility of inhaling and absorbing the contaminant-bearing dust emanating from the area.
Geo-accumulation indices of the heavy metals
Inter-elemental correlation between the heavy metals
The results (in Table 3 ) show the inter-elemental correlation analysis between the heavy metals recorded across the sampling sites. Based on the guidance for interpreting the sizes of correlation coefficients proposed by Mukaka (2012) , the result obtained mostly revealed very high positive correlation (r > 0.9) and high positive correlation (r = 0.7 to 0.9). Only the correlation coefficients between Pb and Cr (r = 0.6839) and between Cr and Mn (r = 0.6463) fall to moderate positive classification. However, the positive inter-elemental correlations generally suggest that the heavy metals recorded at the sampling sites may have common sources of anthropogenic inputs (Salah et al., 2012) . This is very likely since the point source (Katima Mulilo urban open land wastewater collection centre) is located within 200 m and 400 m of the sampling sites A and B, respectively. Due to the sloping topography of the open land wastewater collection centre, it is possible for trans-boundary transfer and deposition of metal particulates via surface overflow onto the adjacent areas.
Conclusion
The laboratory analysis results of this study recorded varying concentrations of the following heavy metals: lead, cadmium, chromium, arsenic, cobalt, nickel, vanadium, copper, zinc, Iron, and manganese in the surface soil samples collected across the four-sampling points. At all the sampling areas, iron recorded the highest mean concentration while Cd recorded the least. Result of the analysis of variance between the heavy metals' concentrations in the surface soil samples was statistically significant (p < 0.05). The inter-elemental correlation coefficients of the heavy metals mainly revealed very high positive correlation (r > 0.9) and high positive correlation (r = 0.7 to 0.9). These generally suggest common source of anthropogenic inputs of the heavy metals recorded at the study area. The assessment of the sampling sites' contamination using different pollution assessment criteria revealed the following order: Point source > A200m > B400m > Control site. However, the current results of the potential ecological risk indices revealed environmental low-risk levels (Er <40). Additionally, the geo-accumulation indices of the heavy metals revealed uncontaminated to moderately contaminated levels, the point source-the Katima Mulilo urban open land wastewater disposal centre being the most contaminated. Although, the mean concentrations of the heavy metals recorded across the sampling sites were generally lower than their corresponding maximum permissible limits recommended by WHO for the protection of human and ecosystem's health, the presence of the heavy metals in surface soils where humans and livestock traverse frequently constitutes health risk. Therefore, we recommend periodic monitoring of the heavy metals in the study area and advice precautionary measures to limit unintended human exposures to excessive metal contents. In addition, there is need for further study to determine the relative contributions of the different sources of wastewater to the heavy metals pollution load of the study area and devise segregation/pre-treatment measures to separate critical pollutants prior to disposal.
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